I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

The thyroid gland plays a critical role in regulating metabolic functions including heart rate and cardiac output, lipid metabolism, heat regulation, and skeletal growth. Recent advances in thyroid imaging have considerably improved the diagnosis, treatment, follow-up, and prognosis of high prevalence thyroid diseases such as thyroid nodule, goiter, thyroiditis, and thyroid cancer that affect the normal thyroid function. The relative roles of various imaging modalities in the evaluation of various thyroid diseases are discussed here.

T[ECHNIQUES OF]{.smallcaps} T[HYROID]{.smallcaps} I[MAGING]{.smallcaps} {#sec1-2}
=======================================================================

Radionuclide imaging {#sec2-1}
--------------------

Radionuclide imaging (RNI) has been a part of the thyroid evaluation for many years. Now, it plays a central role in the evaluation of thyroid disease as it provides excellent functional information about the thyroid gland. The most frequently used isotopes for thyroid scintigraphy are ^99m^Technetium pertechnetate, ^131^Iodine, ^18^fluoro-deoxy-glucose, and gallium-67. Radionuclide scanning using ^99m^Technetium pertechnetate and ^131^Iodine is used in the evaluation of focal thyroid nodule as hot, warm, or cold on the basis of relative uptake of radioactive isotope by the nodule \[Figures [1](#F1){ref-type="fig"}--[4](#F4){ref-type="fig"}\]. ^131^Iodine, in addition, is also used in the treatment of patients with thyroid cancer to evaluate for residual/recurrent disease, to assess distant metastasis, and in the follow-up of patients after thyroidectomy. Gallium-67 is particularly useful in assessing thyroid lymphoma.\[[@ref1][@ref2]\]

![Multinodular goiter. ^99m^Technetium pertechnetate (Tc-99m) scintigraphy image of thyroid gland, of a 48-year-old female patient with multinodular goiter, shows multiple hot (thick arrow) and cold nodules (thin arrow) involving both the lobes of the gland (left\>right).](IJEM-16-371-g001){#F1}

![Folicular carcinoma. Tc-99m scintigraphy image of thyroid gland, of a 55-year-old female patient with a palpable right sided neck mass, reveals a large non-functioning cold nodule in right upper pole (arrow). The diagnosis of follicular carcinoma was made on histopathology after resection of the nodule](IJEM-16-371-g002){#F2}

![Follicular adenoma. Tc-99m scintigraphy image of thyroid gland, of a 47-year-old female patient with a palpable left-sided neck mass, demonstrates an ill-defined area of increased activity in left lower pole consistent with hot nodule (arrow). The diagnosis of follicular adenoma was made on histopathology after resection of the nodule](IJEM-16-371-g003){#F3}

![Graves' disease. Tc-99m scintigraphy image of thyroid gland, of a 32-year-old male patient who presented with neck mass and proptosis, demonstrates enlarged thyroid gland with diffuse increased uptake of the tracer](IJEM-16-371-g004){#F4}

Positron emission tomography {#sec2-2}
----------------------------

Two new radionuclide techniques, namely positron emission tomography (PET) and single-photon emission computed tomography (SPECT) are of potential interest in imaging of the thyroid.

F18-fluorodeoxyglucose-PET (^18^F-FDG-PET) is a well established imaging modality in oncology. Its greatest utility is in the evaluation of thyroid cancers with dedifferentiated tumors which are iodine scintigraphy negative but FDG-PET positive (in contrast to indolent slow growing thyroid tumors which are iodine scintigraphy positive but FDG-PET negative).\[[@ref3][@ref4]\] ^18^F-FDG-PET has been found to be the most accurate method for detecting recurrent or metastatic medullary thyroid carcinoma (MTC) in patients with an elevated calcitonin level (tumor marker for MTC) postoperatively, when other radionuclide and cross-sectional imaging techniques fail to localize the tumor or metastatic disease. It is also superior to other imaging modalities in localizing cervical and mediastinal lymph node involvement.\[[@ref5]--[@ref7]\]

The combination of PET with CT or MRI (PET/CT or PET/MRI) which allows fusion of functional and anatomic information has a very promising role in the evaluation of thyroid cancer. The sensitivity and specificity of FDG PET-CT to detect the suspected occult lesions and residual/recurrent well-differentiated thyroid cancer (DTC) is very high.

Currently, whole-body FDG PET-CT is recommended for assessing the metastases of DTC in patients with radioiodine negative scans and elevated serum thyroglobulin (Tg) levels. This is particularly useful in guiding treatment decisions.\[[@ref8][@ref9]\] FDG PET is also useful in differentiating incidentaloma (show focal uptake of FDG by the gland) from thyroiditis and/or hypothyroidism (show diffuse uptake of FDG by the gland); and malignant thyroid nodule (show high FDG avidity, approaching 100%) from benign nodule (show low FDG avidity, \~30%).\[[@ref3][@ref10][@ref11]\]

Single photon emission computed tomography {#sec2-3}
------------------------------------------

SPECT is currently used with increased frequency due to its ability to provide the three-dimensional information which improves the overall sensitivity for detection and localization of a thyroid lesion. ^131^I SPECT-CT has been found to be more accurate than FDG PET-CT in localizing the regional and distant metastasis and in detecting residual/recurrent disease in the case of well-differentiated thyroid cancer. The most important advantage of fusion FDG PET-CT and ^131^I SPECT-CT is detection of metastasis in normal sized lymph nodes.\[[@ref9]\]

The major drawback of FDG-PET is its poor specificity to differentiate between infective or inflammatory processes and the neoplasm, as well as its poor sensitivity to detect micrometastases and tumor sites in well-differentiated thyroid cancers that concentrate iodine. The major drawback with ^131^I SPECT is that various physiological variants may mimic disease.\[[@ref9]\]

Ultrasonography {#sec2-4}
---------------

Ultrasonography is generally the first choice and the most sensitive imaging modality for diagnosing intrathyroid lesions. Because of its superficial location, the thyroid gland is ideally suited for high-frequency sonography (using 7-13 MHz transducer) which facilitates the detection of clinically non-palpable nodules of 2-3 mm size and allows a more accurate morphological characterization of the lesion. It is also used to determine the size and number of thyroid nodules, to assess the volume of thyroid tissue in cases of thyromegaly, and to differentiate thyroid masses from adjacent non-thyroid masses.

Addition of color and spectral Doppler imaging that determines the vascular pattern of thyroid diseases has been found to be very useful tool in screening the thyroid nodule for malignancy. A nodule with exclusively central vascular pattern is characterized as malignant, while a nodule with a predominantly perinodular pattern is generally benign. The gray scale ultrasonographic pattern associated with thyroid carcinoma includes a solid, hypoechoic mass that is taller than wide, has an irregular margin and microcalcifications but absent halo sign. The improved gray scale and Doppler sonography has increased the accuracy and specificity of ultrasound for thyroid diseases \[Figures [5](#F5){ref-type="fig"}--[8](#F8){ref-type="fig"}\]. This combination is also helpful in evaluation of cervical lymphadenopathy. Metastatic lymph nodes appear hypoechoic and show lack of central hilar echogenicity and vascularity.\[[@ref3][@ref12]--[@ref15]\]

![Hashimoto\'s thyroiditis. Transverse gray-scale ultrasound (a) and color Doppler (b) neck, of a 35-year-old female patient, who presented with features of hypothyroidism and had antithyroid antibodies positive for the disease, demonstrates diffuse enlargement of thyroid gland with linear echogenic fibrous bands (arrowheads) but normal vascularity. Note a small hypoechoic lymph node (arrow) in posterior aspect of inferior pole of left lobe of the thyroid gland](IJEM-16-371-g005){#F5}

![Follicular lesion thyroid. Transverse gray-scale ultrasound (a) and color Doppler (b) neck, of a 40-year-old female patient, shows a large well circumscribed iso-hypoechoic solid thyroid nodule with multiple internal cystic spaces (arrow) and both central and peripheral vascularity](IJEM-16-371-g006){#F6}

![Benign thyroid nodule with large intratumoral cyst. Transverse gray-scale ultrasound (a) and color Doppler (b) neck, of a 55-year-old female patient, reveal a well-circumscribed right-sided thyroid nodule (arrow) with a large intratumoral cyst and solid peripheral component which shows increased vascularity. The lesion demonstrates a thin hypoechoic rim and posterior acoustic enhancement](IJEM-16-371-g007){#F7}

![Multinodular goiter. Transverse gray-scale ultrasound (a) and color Doppler (b) neck, of a 50-year-old female patient, shows enlargement of both thyroid lobes and isthmus by multiple iso-hyperechoic solid nodules (arrowheads). There is marked increase in vascularity within the gland](IJEM-16-371-g008){#F8}

Ultrasound elastography {#sec2-5}
-----------------------

Ultrasound (US) elastography measures the tissue elasticity and differentiates between benign and malignant nodule on the basis of consistency of the lesion. A benign nodule is softer and hence deforms more easily, whereas the malignant nodule is harder and hence deforms less when compressed by ultrasound probe. Cystic nodules and nodules having calcified shell are excluded from the US elastographic evaluation. US elastography has a high predictive value in characterizing an indeterminate nodule as malignant with its effectiveness almost comparable to fine-needle aspiration cytology (FNAC).\[[@ref3][@ref15]--[@ref17]\]

Other improvements in ultrasonography {#sec2-6}
-------------------------------------

Use of specific contrast (e.g. SonoVue) and pulse inversion harmonic imaging has further improved the efficacy of ultrasound to characterize a thyroid nodule.\[[@ref18]\] Ultrasonography-guided fine needle aspiration biopsy (FNAB) is particularly helpful in the case of nonpalpable or small nodules or the nodules that are difficult to access and is preferable to palpation-guided FNAB by many pathologists for appropriate nodule selection.\[[@ref19]\]

Main limitation with use of USG is a significant overlap between benign and malignant thyroid nodules; hence, FNAB is necessary in many cases with equivocal findings.\[[@ref19]\] US elastography also has limitation in assessing lesions that are not surrounded by adequate normal tissue.\[[@ref15]\]

Computed tomography and magnetic resonance imaging {#sec2-7}
--------------------------------------------------

Computed tomography (CT) and magnetic resonance imaging (MRI) have an adjuvant role in the evaluation of thyroid disease. CT and MRI are less sensitive than USG in detecting and characterizing intrathyroid lesions as benign and malignant. They are particularly used for staging thyroid cancer as they are useful in evaluating regional lymphadenopathy, assessing loco-regional extension of the tumor (particularly involving trachea and esophagus), spread of disease into the mediastinum or retrotracheal region and detecting pulmonary and hepatic metastases. CT and MR imaging are also recommended to evaluate the occult metastases (mediastinal or retrophayngeal) in post-thyroidectomy follow-up cases with elevated serum Tg level and negative sonographic finding.\[[@ref1][@ref20][@ref21]\]

CT, in particular, is most sensitive in detecting intra-glandular calcification \[[Figure 9](#F9){ref-type="fig"}\]. Fusion PET-CT and PET-MRI play a promising role in the evaluation of thyroid cancer.\[[@ref9]\] Diffusion-weighted imaging (DWI) may be helpful in differentiating benign and malignant nodules. Benign nodules have higher apparent diffusion coefficient (ADC) values than malignant ones.\[[@ref22]\] MR spectroscopy using long echo-time (TE) has been proved to be a sensitive method in differentiating thyroid carcinoma from benign follicular lesion. Choline peak is identified in almost all carcinomas, with raised choline/creatine ratio ranging from 1.6 in well differentiated carcinoma to 9.4 in anaplastic carcinoma. The normal thyroid tissue and benign follicular lesions generally demonstrate no choline peak.\[[@ref23]\]

![Multinodular goiter. Plain axial (a) and contrast-enhanced axial (b) and coronal (c) CT scan neck region, of a 52-year-old female patient, shows enlargement of bilateral thyroid lobes due to presence of multiple non-enhancing hypodense (thin white arrows) and calcified thyroid nodules (thin black arrows)](IJEM-16-371-g009){#F9}

Optical coherence tomography and optical coherence microscopy {#sec2-8}
-------------------------------------------------------------

Optical coherence tomography (OCT) and optical coherence microscopy (OCM) are emerging imaging technologies based on inherent optical contrast. OCT provides high-resolution, real-time, cross-sectional imaging of tissues. OCM is an extension of OCT and provides high magnification resulting in cellular imaging. OCT/OCM system uses infrared light in fiber active device that allows visualization of microstructures of gland (1-15 μm cellular range) and provides high resolution images comparable with those obtained using histopathologic methods. OCT and OCM can clearly differentiate between benign and malignant thyroid tissue using intrinsic optical contrast.\[[@ref24][@ref25]\]

C[ONCLUSION]{.smallcaps} {#sec1-3}
========================

In general, the thyroid imaging has evolved from early radionuclide thyroid scanning to the development of the advanced technique of SPECT, PET and fusion imaging. The advancement in cross-sectional techniques such as USG, CT and MRI has further improved the evaluation of intrathyroid pathologies. OCT has supplemented the imaging for better selection of patients for operation.
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